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ABSTRACT  19 
A novel Eimeria species was identified in faeces collected from a King's skink  20 
(Egernia kingii) housed at the Kanyana Wildlife Rehabilitation Centre in Western  21 
Australia. Oocysts measure 17.0 × 15.0 µm with a length/width ratio (L/W) of 1.13.  22 
Phylogenetic analysis of 18S rRNA sequences indicated that the novel Eimeria sp.  23 
shared the highest genetic similarity to Eimeria antrozoi and Eimeria rioarribaensis  24 
from vespertilionid bats from North America (≥98.9%). At the COI locus, bat-derived  25 
sequences were not available and phylogenetic analysis placed the novel Eimeria sp.  26 
in a clade by itself and shared 98.8% similarity with the rodent-derived species E.  27 
falciformis and E. vermiformis.  This suggests that the isolate from the King’s skink’s  28 
feces was probably derived from a mammal, possibly a rodent or a bat.  29 
  30 
  31 
  32 
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1. Introduction  36 
  Skinks are lizards belonging to the family Scincidae. The King's Skink  37 
(Egernia kingii) is a species of skink native to coastal regions of south-western  38 
Australia. It is a large, heavy-bodied black skink that can reach a length of 55  39 
centimetres with a mass of up to 220 grams (Arena and Wooller, 2003).  More than 17  40 
named species and numerous un-named species of Eimeria have been described in  41 
skinks (Duszynski et al., 2000), however relatively little is known about their life  42 
cycles, biology and genetic diversity. In the present study, we characterized a novel  43 
species of Eimeria from the King’s skink, housed at the Kanyana Wildlife  44 
Rehabilitation Centre (KWRC) in Western Australia, both morphologically and  45 
genetically.  46 
  47 
2. Materials and methods  48 
  49 
2.1 Sample collection  50 
  Two King's skinks were admitted to the KWRC in Perth, Western Australia  51 
between January and August 2012 and a faecal sample was obtained from each skink  52 
under the KWRC permit.  Samples were collected into sterile containers, labeled and  53 
screened for coccidean parasites as described below.   54 
  55 
2.2 Morphological analysis  56 
  Microscopic examination of a wet mount and faecal flotation analysis were  57 
performed on both samples. Faecal flotation was done using a saturated sodium  58 
chloride and 50% sucrose (w/v) solution. If any sample was found to contain  59 
coccidean oocysts, a portion of faeces was placed in 2% (w/v) potassium dichromate  60   
4 
solution (K2Cr2 O7), mixed well and poured into petri dishes to a depth of less than  61 
1cm and kept at room temperature in the dark to facilitate sporulation. Sporulated  62 
oocysts were observed using the ×100 oil immersion objective of an Olympus BX51  63 
microscope. Images were captured and measurements made under 1000 ×  64 
magnification using an Olympus DP70 digital camera and associated imaging  65 
software. Results are presented in micrometers as the mean ± SD, with the observed  66 
range in parentheses.  67 
  68 
2.3 DNA isolation   69 
Total DNA was extracted from 200mg of each faecal sample using a QIAamp  70 
DNA Mini Stool Kit (Qiagen, Hilden, Germany). A negative control (no faecal  71 
sample) was included.  72 
  73 
2.4 PCR amplification and sequencing  74 
Samples were screened at the 18S rRNA locus for Eimeria spp. using primers  75 
and conditions described by Yang et al., (2012). Amplification at the mitochrondial  76 
cytochrome oxidase gene (COI) locus was initially attempted using methods  77 
described by Ogedengbe et al., (2011). However as these primers resulted in non- 78 
specific amplification (as determined by sequencing of amplicons), the following  79 
Eimeria-specific internal primers were designed using Primer 3  80 
(http://frodo.wi.mit.edu/); COIF2 TAA GTA CAT CCC TAA TGT C and COIR2  81 
GTCATCATATGRTGTGCCCA. The resulting nested PCR reaction amplifies a 465  82 
bp fragment of COI gene and the PCR conditions used were the same as for the  83 
external reaction. The specificity of the primers was tested against Isospora ohioensis  84   
5 
(2 isolates), Giardia duodenalis (2 isolates), Cyclospora sp. (2 isolates), human  85 
genomic DNA (Promega), sheep and cattle DNA.  86 
PCR contamination controls were used including negative controls and  87 
separation of preparation and amplification areas. A spike analysis (addition of 0.5 µL  88 
of positive control DNA from Eimeria crandallis into each sample) was conducted on  89 
both samples to determine if there was any PCR inhibition present.  90 
The amplified DNA fragments from the secondary PCR products were  91 
separated by gel electrophoresis and purified using the freeze-squeeze method (Ng et  92 
al., 2006). Gel-purified PCR products were sequenced in both directions, using an  93 
ABI Prism
TM Dye Terminator Cycle Sequencing kit (Applied Biosystems, Foster City,  94 
California) according to the manufacturer’s instructions with the exception that the  95 
annealing temperature was raised to 58 ºC. The results of the sequencing reactions  96 
were analysed and edited using Chromas lite version 2.0  97 
(http://www.technelysium.com.au), compared to existing Eimeria spp. 18S rDNA and  98 
COI sequences on GenBank using BLAST searches and aligned with reference  99 
genotypes from GenBank using Clustal W (http://www.clustalw.genome.jp).  100 
  101 
2.5 Phylogenetic analysis  102 
  Phylogenetic trees were constructed for Eimeria spp. at the 18S and COI loci with  103 
additional isolates from GenBank. Distance estimation was conducted using  104 
TREECON (Van de Peer and De Wachter, 1994), based on evolutionary distances  105 
calculated with the Tamura-Nei model and grouped using Neighbour-Joining.  106 
Parsimony analyses were conducted using MEGA version 5.1 (MEGA5.1: Molecular  107 
Evolutionary Genetics Analysis software, Arizona State University, Tempe, Arizona,  108 
USA). Bootstrap analyses were conducted using 1,000 replicates to assess the  109   
6 
reliability of inferred tree topologies. Maximum Likelihood (ML) analyses were  110 
conducted using the program PhyML (Dereeper et al., 2008) and the reliability of the  111 
inferred trees was assessed by the approximate likelihood ratio test (aLRT)  112 
(Anisimova and Gascuel, 2006).  113 
  114 
3. Results  115 
3.1 Microscopy  116 
  One of the two King’s skinks examined was positive for Eimeria sp. Other  117 
parasites identified in the faecal samples of the Eimeria-positive skink included  118 
Entamoeba cysts, Giardia cysts, embryonated nematode eggs (Physaloptera sp.) and  119 
cestode (Rodentolepis) eggs.    120 
 Sporulated  Eimeria oocysts (n=39) were subspherical, with colorless to yellow- 121 
brown trilaminate oocyst wall 0.8±0.04 (0.73-0.89) thick.  Four spheroidal to  122 
subspheroidal sporocysts, occasionally with polar granule, but without micropyle or  123 
oocyst residuum (Fig. 1). Oocyst length 17.0±0.41 (16.2-17.8); oocyst width  124 
15.0±0.38 (14.4-15.7); oocyst length/width (L/W) ratio 1.13±0.02 (1.07-1.16).  125 
Sporocysts with globular sporocyst residuum and 2 sporozoites. Stieda, parastieda and  126 
substieda bodies not detected. Sporocyst length was 7.0±0.37 (6.3-7.8); sporocyst  127 
width 6.2±0.46 (5.0-7.0), sporocyst L/W ratio 1.14±0.08 (1.00-1.40).  128 
  129 
3.2 Phylogenetic analysis of Eimeria sp. from the King’s skink at the 18S locus  130 
A partial 18S sequence (1,300 bp) was obtained from the Eimeria-positive  131 
King’s skink. Phylogenetic analyses using Distance, Parsimony and ML analyses  132 
produced similar results (Fig. 2 NJ tree shown). The Eimeria sp. grouped in a separate  133 
clade and shared the highest genetic similarity to Eimeria antrozoi (98.98%) and  134   
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Eimeria rioarribaensis from vespertilionid bats from North America (98.9%)  135 
(Duszynski et al., 1999). The partial 18S rRNA nucleotide sequences from Eimeria  136 
sp. from the King’s skink was deposited in GenBank with the accession number of JX  137 
839286.  138 
  139 
3.3 Phylogenetic analysis of Eimeria sp. from the King’s skink at the COI locus  140 
  At the COI locus, bat-derived sequences were not available and phylogenetic  141 
analysis placed the novel Eimeria sp. in a clade by itself and shared 98.8% similarity  142 
with the rodent-derived species E. falciformis and E. vermiformis (Fig. 3). The partial  143 
COI nucleotide sequences and translated amino acid sequence from Eimeria sp. from  144 
the King’s skink were deposited in GenBank with the accession number of JX  145 
839285.  146 
  147 
  148 
  149 
4. Discussion  150 
   151 
  In the present study, sporulated Eimeria oocysts identified in the faeces of a  152 
King’s skink, measured 17.0 × 15.0 with a L/W ratio of 1.13. However, the  153 
morphological similarity of oocysts, the broad host specificity of some Eimeria spp.  154 
and the diversity of Eimeria spp. within one host confound species delimitation  155 
(Tenter et al., 2002). Molecular data are therefore essential to accurately delimit  156 
species. Phylogenetic analysis at both the 18S and COI loci suggest that the isolate  157 
from the King’s skink’s feces was derived from a mammal, possibly a rodent or a bat.  158 
At the 18S locus, the skink isolate was most closely related to E. antrozoi and E.  159 
rioarribaensis, which are both from bats. Eimeria antrozoi oocysts are subspheroidal  160   
8 
and measure 24.8 × 21.6 (22-27 ×19-24) µm with a L/W ratio of 1.15 (1.0-1.3)  161 
(Duszynski et. al., 1999). The micropyle is absent but an oocyst residuum is present.  162 
Eimeria rioarribaensis oocysts measure 24.9 × 20.1 µm with a L/W ratio of 1.2 and  163 
both the micropyle and the oocyst residuum are absent. At the COI locus, the isolate  164 
was most closely related to E. falciformis and E. vermiformis from rodents. Oocysts of  165 
E. falciformis are spherical to ovoid and measure 14-27 × 11-24 µm and the  166 
sporocysts also spherical to ovoid, and measure 10-12 × 6-8 µm (Levine and Ivens,  167 
1990). Although descriptions for E. falciformis resemble those of the current isolate,  168 
the reported range of sporocyst lengths (SLs) for E. falciformis exceeds that of all the  169 
oocysts examined from the King’s skink sample. Oocysts of E. vermiformis measure  170 
18-26 × 15-21 µm, with sporocysts 11-14 × 6-10 µm (Levine and Ivens, 1990).  171 
Again, the SL range of E. vermiformis exceeds that of the current isolate. The data  172 
suggest that the skink acquired the isolate through eating feces or intestinal material  173 
from an unknown mammalian host, possibly a rodent or bat. During the five days that  174 
the skink was held at KWRC, it was fed a diet of mealworms and beef mince. The  175 
King's skink is however also known to occasionally eat carrion (Wilson, 2012). As the  176 
skink was in care for only a few days it is likely that it ingested the parasite before it  177 
was admitted to the KWRC. Whether the skink was actually infected or simply  178 
passing oocysts is unknown.   179 
  In the present study, molecular data were used to describe a novel Eimeria sp.  180 
found in the faeces of the King’s skink in Western Australia. This is also the first  181 
study to design Eimeria-specific primers for the COI locus as the primers published  182 
by Ogedengbe et al., (2011) resulted in non-specific amplification when applied to  183 
total DNA extracted from faecal samples. This limits their usefulness as a screening  184 
tool. The COI internal primers described in the present study were shown to be very  185   
9 
specific and did not amplify other enteric parasites, human, sheep and cattle DNA.  186 
Studies comparing the utility of the 18S and COI genes indicate the latter has higher  187 
resolving power for Eimeria sp., especially with respect to recent speciation events  188 
(Ogedengbe et al., 2011). COI has become the target gene for the Barcode of Life  189 
project that aims to use the marker for rapid identification of animals, including  190 
parasites (Ratnasingham and Hebert, 2007).  Future studies need to concentrate on  191 
obtaining morphologically characterized Eimeria species derived from lizard hosts  192 
and generating sequence data that are directly related to described species. Analyzing  193 
the isolates at multiple loci will also provide a more in-depth analysis of the evolution  194 
of lizard-derived Eimeria spp.  195 
  196 
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   239 
Fig. 1. Nomarski interference-contrast photomicrographs of Eimeria sp. from King’s  240 
skink (Egernia kingii).  Scale bar = 10 µm.   241 
  242 
Fig. 2. Evolutionary relationships of Eimeria sp. from King’s skink (Egernia kingii)  243 
inferred by distance analysis of 18S rRNA sequences. Percentage support (>50%)  244 
from 1000 pseudoreplicates from neighbor-joining analyses is indicated at the left of  245 
the supported node.   246 
  247 
Fig. 3. Evolutionary relationships of Eimeria sp. from King’s skink (Egernia kingii)  248 
inferred by distance analysis of mitochrondial cytochrome oxidase gene (COI).  249 
Percentage support (>50%) from 1000 pseudoreplicates from neighbor-joining  250 
analyses is indicated at the left of the supported node.  251 
  252 
  253   
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  255 
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   First study to design Eimeria-specific primers to the COI locus  259 
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